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Abstract

Fowl pox disease has a world-wide distribution and eco-
nomic importance in poultry industry. Vaccination is the one 
of the best prevention approach for the disease. In Ethio-
pia, this vaccine was produced using chicken embryo fibro 
blast cell by tedious production system with high cost. The 
experimental study design was conducted at National Vet-
erinary Institute for adaptation of DF-1 cell line with Fowl 
Pox Virus vaccine strain and then assessment of immuno-
genicity, safety and efficacy of the adapted vaccine was de-
termined under study. The vaccinal strain adapted on DF-1 
cell showed cytopathic effect within each passage level. The 
infectivity rate of Fowl Pox Virus vaccine working seed on 
study DF-1 cell on passage 7 was log106.3 TCID50/ml. The 
amplified product of DF-1 cell adapted had 578 base pairs as 
PCR result of fowl pox virus. DF-1 cell adapted fowl pox vac-
cine from passage 5 and 7 were inoculate into 5-week chick-
ens and developed antibody at day 7 post inoculation. The 
boosting of adapted vaccine from passage 7 at day 14 in one 
group produced maximum antibody response with statisti-
cal significance (p<0.0001). The efficacy test was done on 
vaccinated and control group chickens with challenging vir-
ulent fowl pox virus isolate and the adapted vaccine showed 
90% and 95% protection in single shot group and boosting 
group respectively while control group developed 95% of 
fowl pox lesion. The results obtained, therefore, suggest 
that DF-1 cell adapted fowl pox vaccine production method 
could be good production option for producing fowl pox vi-
rus vaccine for the prevention of the disease in poultry.
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Background

Fowl Pox Virus (FPV) is a disease of chickens and other birds 
caused by a DNA virus of the genus avipoxvirus of the family 
poxviridae [1]. These diseases exit as cutaneous or diphthe-
ritic form on the chickens and can commonly cause drops in 
egg production or retarded growth in younger birds [2]. Fowl 
pox disease has a world-wide distribution and its incidence is 
variable in different areas because of differences in climate, 

management and practice of regular vaccination [3]. Fowl pox 
has been controlled in developed countries. However, it is still 
a problem in most developing countries including Ethiopia and 
result serious economic impact across the countries [4]. Pre-
vention against FPV infection is conducted either through strict 
biosecurity measurement or by vaccination [5]. 

Vaccination against FPV involves using attenuated vaccine ei-
ther propagated on Specific Pathogen Free (SPF) or cell culture 
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[6]. In Ethiopia, FPV vaccine is produced at National Veterinary 
Institute (NVI) by using SPF eggs. SPF eggs are expensive and 
unavailable easily; hence those eggs are imported abroad from 
different SPF egg producing farms with foreign currency. Addi-
tionally, the SPF based vaccine production system is tedious in 
which removal of embryo with sterile condition and prepara-
tion of the Chicken embryo Fibro blast Cell (CFC) from SPF eggs 
need large number of human power and time this implies such 
production system is stressful laboratory activity. In contrast to 
SPF egg based FPV vaccine production, it is possible to produce 
FPV vaccine using cell culture of avian origin such as DF-1 cells 
in which the vaccine production is easiest operation and pro-
duced with appropriate cost and time. 

Methods

Description of experimental site

This study was conducted at the National Veterinary Insti-
tute (NVI), Bishoftu town, Ethiopia. NVI is only veterinary vac-
cine and drug producing institution in the Ethiopia. The institu-
tion has reached the high level by using standard equipments 
and materials for vaccine production and vaccine related re-
search and this is assured by international accrediting institu-
tion with certificate. The certificates are ISO/QMS 9001: 2008 
Quality Management System (QMS) certified by an internation-
al accrediting company ALCUMUS/ISOQAR and it is dedicated 
for manufacturing and marketing of veterinary vaccines. It also 
certified by ISO/IEC 17025:2005 in research and development 
laboratory for serological tests; 3 ABC ELISA for foot and mouth 
disease, C-ELISA for contagious bovine and caprine pluropeno-
munia, RBPT for brucellosis and ELISA test for peste des petits 
ruminants by Ethiopian National Accreditation Office (ENAO) 
[7].

Study design

Experimental study design was conducted on adaption of 
DF-1 cell with FPV vaccine working seed then safety, immune 
response test and efficacy test of adapted vaccine was exam-
ined at NVI, Ethiopia. The adaption of DF-1 cell with FPV vaccine 
was checked by observing Cytopathic Effect (CPE) after infect-
ing the study cell with FPV vaccine working seed. The infectivity 
rate of FPV on study DF-1 cell was expressed by titration test. 
The further identity test for the conformation of DF-1 adapted 
FPV vaccine was ensured by PCR.

Complete Random Design (CRD) method was employed for 
total of 80 experimental chickens to divide into four groups. Each 
chick was randomly assigned to one of the 4 pens and identified 
using wing tag. Accordingly, a total of 80 chickens were assigned 
to 4 pens with 20 chicks per pen. Group A and B were planned 
for immunization of DF-1 cell adapted FPV vaccine from passage 
5 and 7 respectively and Group B was boosted at day 14 again 
with passage 7. Group C was designed for vaccination of com-
mercial Chicken embryo Fibro blast Cell (CFC) based FPV vac-
cine produced by NVI for comparison of efficacy and immune 
response with DF-1 cell adapted FPV vaccine while Group D was 
keep as control. Blood samples for immune response test was 
collected from each group before vaccination and post to vac-
cination at day 7, 14, 21, and 28 and subjected to indirect in 
house made ELISA kit for FPV antibody determination. All ex-
perimental and control group chickens were observed for takes 
and safety evolution and result were recorded. Additionally, all 
groups were challenged with field virulent isolate of FPV. Chal-
lenged groups were kept for 3 weeks and all observed outcomes 

were recorded.

Study methods

Experimental chickens hatching and management

The chickens were required for entire of this experiment 
were hatched artificially from SPF eggs at the NVI research and 
development department, hatchery section during the study 
time with aim to avoid maternal antibody interference during 
the study. Therefore, 130 fertile ten day incubated SPF eggs of 
lohmann breed were obtained from the NVI viral vaccine pro-
duction department and those were used for hatching the ex-
perimental chickens. The fertility of obtained SPF eggs used for 
hatching was confirmed by candling. The process was carried 
out in a dark room using an electric candler. The candler was 
placed on the top of eggs for easy penetration of light through 
the eggs and the eggs were viewed with the light source. The 
fertile eggs were seen to be densely clouded with network of 
veins and containing the developing embryo. After candling 
process, the confirmed SPF fertile embryonated eggs were kept 
for eleven days in artificial incubator (super hatch, South Africa) 
with ideal temperature of 37.50C and ideal humidity of 50-65 
% until hatching at NVI research and development department 
of egg hatchery section. After 11 days of incubation the hatch-
ability percent of the eggs were expressed using the following 
formula [8].

Then the hatched chickens were collected from incubator 
after 24 hour drying in the hatchery section and floor reared 
on the experimental room based on the study desire. The chick-
ens feed on balanced commercial poultry ration with water 
provided as ad libitum and kept under strict hygienic measures 
throughout for aimed experimental study desire.

Sub culturing of DF-1 cells

The components used for sub culturing of study cell line like 
PBS (phosphate buffered solution), 0.25% trypsin and growth 
medium were warmed at 37°C in water bath (Clifton, England). 
DF-1 cell placed at 75cm2 flask was taken from 5% CO2 incubator 
(Thermo scientific, USA) and examined under inverted micro-
scope (Motic, Hong Kong) for the development of a complete 
monolayer. The flask containing DF-1 cells were then placed un-
der class-II safety cabinet (ESCO, Singapore) and the growth me-
dium overlaying the cell monolayer was removed and washed 
three times by PBS. The confluent monolayer was rinsed with 
2 ml of sterile 0.25% trypsin for about 5 minutes then existing 
trypsin was removed and observed under an inverted micro-
scope for cell layer dispersing and incubated for 5 minutes in 
5%CO2 incubator. The dispersed cell was gently pipetted with 
adding 8 ml of complete growth medium. The viability of cells 
was checked with trypan blue stain by using of automatic cell 
counter machine (EVE, Chain). The viable cells counted were 
1.2x106/ml (86% is viable out of 1.4x106/ml cell) then 40ml of 
complete growth medium was added and a cell suspended in 
the flask was spitted into two 25cm2 tissue culture flasks. These 
flasks were placed horizontally in the 5% of CO2 incubator at 37 
ºC. The flasks were examined under the inverted microscope for 
the formation of complete monolayer with spindle fibroblast 
morphology after 24 hours of incubation [9].

Inoculation of FPV vaccine working seed into DF-1 cells 

The PBS and maintenance media were warmed at 37°C wa-
ter bath for this activity. The biological safety cabinet II (ESCO, 
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Chain) was disinfected with 70% ethanol alcohol for virus inocu-
lation activity. Confluent monolayers of DF-1 cells within two 25 
cm2 flasks were transferred to safety cabinet II after 24 hours 
of incubation. The growth mediums in the flask discarded and 
the monolayer was washed with PBS three times. The DF-1 cells 
were then infected by adding 500 μl of FPV vaccine strain work-
ing seed with lot number lot number 2/21 and titer of log105.5 
TCID50/ml which obtained from NVI quality assurance depart-
ment, vaccine seed preparation section. Then followed with cir-
cular rotation and incubated at 37°C for 1 hour for adsorption. 
Following incubation for 1 hour, the virus inoculate was dis-
carded and 10ml of DMEM maintenance media was added into 
an infected flask. The second flask containing confluent mono-
layer cells with growth medium discarded and was washed with 
PBS three times and filled with maintenance medium only and 
kept as control. Then all flasks were placed into 5% CO2 incuba-
tor at 37°C and observed under inverted microscope for CPE 
formation for the next six consecutive days. The maintenance 
medium with in the flasks was changed after three days of incu-
bation. After development of marked CPE, the infected cells in 
with in flask were harvested and labeled by indicating passage 
number and stored at -20°C. The harvested virus was freeze–
thawed three times and inoculated further to fresh confluent 
monolayer of DF-1 cells using the same technique and observed 
for CPE appearance for six days. This process were repeatedly 
done up to passage 7 and stored at the -20°C until next activity 
were conducted [10].

Titration of FPV Vaccine strain Propagated on DF-1 cells

The FPV vaccine propagated on DF-1 cell to be titrated were 
diluted serially in 10 sterile universal bottles with 500 μl of DF-1 
adapted viral suspension from each of passages (passage 1 up 
to passage 7 separately) within 4.5 ml of basal DMEM medi-
um. The 96 micro plates (Jet Biofilm, chain) wells were filled 
with 100 μl viral dilutions form each universal bottle and 100 
μl DF-1 cells respectively up to column 10 and column 11 was 
left empty. Column 12 was inoculated with DF-1cell as control. 
The micro plate wells were labeled and sealed by micro plate 
sealer and incubated at 37°C within 5% CO2 incubator for 6 days 
and observed under inverted microscope for CPE formation up 
to the last incubation period. The formula stated by Reed and 
Muench [11], was used to determine the titres assay for each 
passages. 

Log10 TCID 50% = - (-log10 of dilution showing a positive 
monolayer’s next above 50% - (difference of logarithms × loga-
rithm of dilution factor).

Where; Difference of logarithms calculated as;

Where; TCID: Tissue culture infectious dose.

Molecular Identification of DF-1 cell Adapted FPV Vaccine 

DNA extraction

The DNA of DF-1 cell adapted FPV vaccine was extracted us-
ing QiagenTM Mini columns (Qiagen, Germany). 20 μl of Qiagen 
Protease was pipetted into the bottom of each labeled 1.5 ml 
of microcentrifuge tube. 200 μl of suspected sample and 200μl 
of lysis buffer AL was added for each tube and mixed by vortex-
ing for 15 second and incubated at 56ºC (Labnet, Chain) for 10 
minutes. 200 μl of 96% ethanol was added to the sample tube 
and mixed again by vortexing. The mixture was carefully trans-
ferred to a labeled mini spin column placed in a 2 ml collection 

tube and centrifuged for 1 minute at 8000 rpm. The collection 
tube was removed and replaced by new one, and then 500 μl 
of wash buffer AW1 was added into the spin column and centri-
fuged for 1 minute at 8000 rpm. The collection tube was again 
changed by new tube and spin column was opened and 500μl 
of wash buffer AW2 was added and centrifuged for 3 minutes at 
14000 rpm. These was followed with placing the spin column in 
a clean 1.5 ml microfuge tube and the spin column was opened 
and 200 μl of elution buffer was added and incubated at room 
temperature for 5min, and then centrifuged at 8000 rpm for 1 
minute to elude the DNA into the microfuge tube. The nucleic 
acid bound to the silica membrane was eluted and the tube was 
labeled properly. The extracted DNA was used as template for 
the next activity. 

Polymerase chain reaction for FPV

FPV based PCR was performed using a primer pair described 
by Lee and Lee (1997). The sequences of the primer (VBC-bio-
tech, Austria) were (F: 5’– CAGCAGGTGCTAAACAACAA-3’) and 
(R: 5’-CGGTAGCTTAACGCCGAATA-3’). The primers used were 
based on FPV 4b gene sequence. The size of the amplified DNA 
fragment of FPV using these two primers is expected to be 578 
base pair (bp) in length [12].

The PCR reaction was performed with each of 12 μl of IQ 
super mix (Bio-Rad, USA), 2.5 μl of forward primer, 2.5 μl of 
reverse primer, 3 μl of RNase free water and 5 μl of template 
DNA. PCR tube containing 25 μl of final volume was placed in 
a thermal cycler (Applied Bio system, Singapore) through pro-
tocol initial denaturation at 94°C for 5 min. Then it followed by 
with denaturation at 94°C for 1 min, annealing at 60°C for 1 min 
and elongation at 72°C for 1 min for 30 cycles. The final elonga-
tion was done at 72°C for 2 min.

Agarose gel electrophoresis of PCR product

The amplified products of PCR were separated by agarose 
gel electrophoresis using 1.2% agarose gel [13]. Briefly, 1.2 g of 
agarose was added into a flask containing 100 ml of 1X TAE (Tris-
acetate-EDTA) buffer. The mixture was boiled with micro-oven 
(BOSCH, Germany) for 1 minute to dissolve and allowed to cool. 
The 5μl of intercalating dye (Hi media, India) was added to the 
flask containing the agarose solution. The gel was poured on 
gel caster dish placed horizontally. The comb was placed in the 
caster dish and waited for 20 minutes until the gel was solidi-
fied and the comb was removed after the given time. Then gel 
was placed in the electrophoresis tank containing 1X TAE buffer.

In the first and last lane 10 μl 100 bp DNA marker (Hi media, 
India) was added and while on other lanes 10 μl of sample PCR 
products, negative and positive control was added containing 
4 μl of loading dye in PCR products. Then the electrophoresis 
(Kodak Biomax, USA) was run for 1 hour at 120V and PCR prod-
ucts were observed under the UV trans-illuminator and photo-
graphed (UniTec, France). Finally, the band size of PCR products 
were recorded and compared with standards (578 bp).

Immune response test of DF-1 cell adapted FPV vaccine 

Eighty chickens with age of five week which were hatched 
at NVI during this study time were used for immune response, 
safety, takes and efficacy tests. The chickens divided into four 
groups each group with twenty chickens and named as group A, 
B, C and D. The first three groups (A, B and C) were used as ex-
perimental group while group D was used as a control group ac-
cording to OIE (2018) protocol. Groups A and B were vaccinated 
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with 0.02ml of DF-1 adapted FPV vaccine from passage 5 and 
passage 7 respectively. Group C was vaccinated with 0.02ml of 
CFC based live FPV vaccine which was prepared at NVI for com-
mercial purpose. Group D was vaccinated with 0.02 ml unin-
fected DF-1 cell suspension to serve as negative control. The all 
groups were vaccinated by wing web puncture administration 
route. The test group B was boosted on the left wing opposite 
to initial vaccination site after 2 weeks with the same FPV vac-
cines given earlier for this group [14]. 

The blood samples for serum were collected from all groups 
of chickens from their wing vein before vaccination and post 
to vaccination at day 7, 14, 21 and 28 by using 3ml sterile dis-
posable syringe with 22GX11/4. Finally, the serum collected at 
1.8ml cryo vial, labeled and stored at -20ºC for determining an-
tibody level in different group of chickens using in house made 
FPV ELISA kit developed at NVI according to OIE protocol. Hence, 
a commercial ELISA kit for FPV is not available at the market. 
Therefore, OIE recommended testing immune response of large 
number of serum by in house made ELISA following its declared 
protocol.  

Takes and safety tests

Takes test was done in all vaccinated chickens groups which 
obtained the vaccine as single or boost shot earlier in immune 
response test were observed and recorded for 7 to 10 days for 
the ‘takes’ lesions at the vaccinated site, which was indication 
for successful vaccination. In addition, the earlier vaccinated ex-
perimental groups were also observed for adverse effect or any 
healthy complications post to vaccination then the consequence 
was observed and recorded to determine safety issues [15].

Efficacy test 

This test was conducted by inoculating field isolate viru-
lent FPV in to chickens group vaccinated earlier with DF-1 cell 
Adapted FPV vaccine (from passage 5 and 7) and CFC based FPV 
vaccine. The control group was also inoculated with the viru-
lent FPV isolate. The all challenged experimental and control 
group were observed for 3 weeks for gross FPV pathological le-
sions development across body of chickens after inoculation of 
field isolate FPV. Chicken groups vaccinated before with DF-1 
adapted FPV vaccine, CFC based FPV vaccine and control group 
were challenged with FPV field isolate at 28 days post vaccina-
tion (after blood taken). The challenge virus with titer of log105.2 
TCID50/ml isolated from previously confirmed positive case 
was inoculated by 0.02ml per chickens via wing web puncture. 
Then, the challenged chicken was followed 3 weeks for FPV le-
sion development and the results were recorded. The protec-
tion percentage of the vaccine was determined as percentage 
of the chickens remains free from the FPV lesions development 
from the total number of challenged chickens per group [16]. 

Ethical clearance

The study was approved by NVI research ethical review com-
mittee ref. no. 156/ N4 10/09/2022(Appendix 1).

Data management and analysis 

The collected data during laboratory investigation was en-
tered into Microsoft office excel spread sheet 2010. Descrip-
tive and inferential statistics was used to summarize laboratory 
findings. PCR product of 578 bp for FPV band size on agarose 
gel electrophoresis was used for DNA detection determination. 
Figure drawing and data analysis was also performed by using 
Graph Pad Prism software 9.3.1. Significance of difference be-

tween experimental groups was determined by analysis of vari-
ance (one way ANOVA) test.

Results

Hatchability of experimental chicken

The chickens required for entire experimental activity were 
obtained after 11 day of artificial incubation. The hatchability 
percent of the fertile eggs was 73% as indicated in table 1. The 
coat colors of the hatched chickens were brown, white and 
mixed (Figure 1).

Table 1: Hatchability percent of fertile eggs in incubator.

Item Number (%)

Fertile eggs 130

Hatchability percent 95(73%)

Day of incubation 11

Figure 1: Experimental chickens hatched at incubator.

Adaption of FPV on DF-1 cell

Following six days of incubation the DF-1 cell adapted with 
FPV vaccine working seed strain had minor CPE development 
(floating cell) was observed on passage 1. On the passage 2, 
some advance CPE with floating cell observed when compared 
to passage 1 at end of incubation date. However, CPE develop-
ment from passage 3 up to 7 is good, about 60% up to 80% 
CPE was observed on the infected flasks. The CPE effect was 
characterized by floating of cells at 3rd day of Post Inoculation 
(PI). Rounding of cells, aggregation of cell and sloughing of cells 
in flask were examined under inverted microscope at 4 up to 6 
days PI. No CPE effect was observed on negative control mono-
layer. The CPE effect of infected and control DF-1 cell monolayer 
were indicated below (Figure 2).

Titration of the FPV vaccine adapted on DF-1 Cell

The titer of DF-1 adapted FPV vaccine strain was determined 
according to Reed and Muench (1938). The infectivity of DF-1 
adapted FPV vaccine strain on passage 1, passage 5 and pas-
sage 7 was log 104.5 TCID50/ml, log 105.5 TCID50/ml and log106.3 
TCID50/ml respectively as indicated on Table 2.

PCR test result

The DF-1 adapted FPV vaccinal strains from passage 1 up to 
7 were subjected for conventional PCR for identity test confir-
mation. An amplified product of 578 bp (Figure 3) was detected 
on agarose gel electrophoresis from passage 1 up to passage 7.
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Figure 2: 1) DF-1 cell control (×10). 2) CPE (floating of cells) 
developed by DF-1 adapted FPV vaccine strain  on passage 5 at 3rd 
day of PI (×10). 3) CPE (rounding of cells(3a), aggregation of cell 
(3b) and sloughing of cell (3c)) developed by DF-1 adapted FPV 
vaccine strain on passage 7 at 5th day of PI (×10). 
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aggregation of cell (3b) and sloughing of cell (3c)) developed by DF-1 adapted FPV 
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Table 2: Titration result DF-1 cell adapted FPV vaccine at differ-
ent passages.

Passage Titer (log10TCID50/ml)

1 104.5/m1

2 104.7/m1

3 104.8/m1

4 105.3/m1

5 105.5/m1

6 105.8/m1

7 106.3/m1

Figure 3: PCR analysis of FPV 4b gene showing amplified 578 
bp fragments. Where; lane 1: Infected DF-1 cell of passage number 
1; lane 2: Infected DF-1 cell of passage number 2; lane 3: Infected 
DF-1 cell of passage number 3; lane 4: Infected DF-1 cell of passage 
number 4; lane 5: Infected DF-1 cell of passage number 5; lane 6: 
Infected DF-1 cell of passage number 6; lane 7: Infected DF-1 cell of 
passage number 7; lane 8: Negative control; lane 9: Known positive 
control; lane M: Molecular marker with 100bp.

Takes and safety test result 

At the 7th Day Post Vaccination (DPV) the vaccinated right 
wings of all chickens  were examined for the presence of takes; 
(18 chickens from group A, 17 chickens from group B (before 
boosting)  and 17 chickens from group C respectively has in-
flammation at 7th day) as shown in Table 3. The remaining birds 
appeared normally. The number of chickens with inflammation 
increased to (19, 19 and 18) in group A, group B and group C 

respectively at the 10th DPV and had developed small circular le-
sions with mild swelling on the right wing (Figure 4). The group 
B after boosting showed 19 takes at the 7th and 10th DPV. Any 
sign of complication or death was not observed after immuni-
zation DF-1 adapted vaccine to experimental chickens in each 
group. 

Figure 4: “Takes” image at 10 days post-vaccination.

Table 3: Post vaccinal takes and safety evaluation of vaccinated 
and control groups. 

Study groups Vaccine type used Number (%)
Safety 
issue

7 DPV 10 DPV NC ND

Group A DF-1 adapted of passage 5 18(90%) 19(95%) 0 0

Group B single DF-1 adapted of passage 7 17(85%) 19(95%) 0 0

Group B boost DF-1 adapted of passage 7 19(95%) 19(95%) 0 0

Group C NVI CFC 17(85%) 18(90%) 0 0

Group D DF-1cell only 0 0 0 0
Where; DVP: Day Post Vaccination, NC: Number showed complication 
and ND: Number of death.

Immune response results

All experimental groups chickens vaccinated with DF-1 
adapted FPV vaccine were developed antibody against the vac-
cine. The ELISA antibody response was detectable as early as 
day 7 Post Inoculation (PI) in vaccinated chickens. The antibody 
to FPV was present up to the end of the experiments (day 28 PI) 
in all vaccinated experimental groups chickens. The maximum 
antibody response in these chickens occurred between day 14 
and 28 PI. The antibody response in boosted group of chickens 
showed increment at day 21 and 28 PI.

Where; ns: Not significant, ****: p <0.0001. 

Figure 5: Immune response result of chickens vaccinated with 
DF-1 adapted and CFC based FPV vaccine at day 7, 14, 21 and 28 PI. 
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Efficacy test result 

Following the challenging of all groups with virulent FPV 
isolates for 3 weeks, 95% of unvaccinated control group chick-
ens had developed FPV lesion across the comb and wattles as 
shown in figure 5. The chicken groups vaccinated with commer-
cial CFC based FPV vaccine produced in NVI showed 10% of FPV 
lesion. However, the chickens’ vaccinated with DF-cell adapted 
FPV vaccines from passage number 5 and 7 showed 10% and 5 
% FPV lesion across comb and wattles with in single and boost 
groups respectively as indicated in figure 7. 

Figure 6: FPV lesion developed on comb and wattles of control 
group chickens. 

Figure 7: Percentage of FPV lesion developed on vaccinated and 
control groups. 

Discussions

The present study was designed for adaption of FPV vaccine 
strain on the DF-1 cell and also it determined the immunogenic-
ity, safety and efficacy of the adapted vaccine. 

In this study the experimental chickens used for determina-
tion of immunogenicity, safety, efficacy in experimental group 
and as well as used as control group were hatched artificially at 
the NVI research and development department of egg hatch-
ery section and during hatchery activity 95 (73%) chickens were 
hatched from the total of 130 SPF fertile embryonated eggs 
after 11 days of artificial incubation. The current finding was 
similar with early reports stated artificially incubated chickens’ 
hatchability was in range from 65-75% [17]. 

The slight floating cell CPE characters was observed on pas-
sage 1 during the last day of incubation then, after harvesting 
the cell and refreshing to the next flask the advance CPE devel-
opment observed with floating of cells (starting from passage 3) 
at 3rd day of Post Inoculation (PI) as well as rounding of cells, 
aggregation of cell and sloughing of cells were examined under 
infected flask from passage number 3 up to passage number 7 
from 4 - 6 days PI. Similar findings CPE effect to current study 
were also reported on FPV adapted on Chicken Fibroblast Cell 
(CFC) showed with rounding of cell and massive sloughing of 
cells at 5th day of PI [18]. The CPE characters following the sub 
culturing of the study cell line of this study also in line with cel-
lular changes observed on FPV adapted on Baby Grivet Monkey 
kidney (BGM) cell and in which rounding of cell, clumping of cell 
and degeneration of cell observed [19]. 

The infectivity of DF-1 cell adapted FPV varies with in each 
passage level. The titer of the virus was start increment from 
passage 1 to passage 7 as indicated on Table 3. The highest ti-
ter value was 106.3 TCID50/ml at passage level 7. These findings 
were closely correspondent to the infectivity of FPV vaccinal 
strain propagated on ducks embryo Fibroblast cell was log106.67 
TCID50 /ml at passage level 7 [20]. The present study also re-
lated with finding on the propagation of FPV on DF-1 cell and 
found that DF-1 cell were permissive for FPV replication and 
showed there was significant infectivity titer at the propagation 
[21]. 

The PCR analysis outcome of this study was in line with 
stated agarose gel band for FPV vaccine using specific 4b gene 
was 578bp [22]. The PCR finding of the present study was also 
similar with the findings of PCR amplification of 4b gene with 
578 bp were positive for FPV by PCR assay [21]. In addition, this 
study finding was in agreement with the pervious finding of the 
agarose gel band result of FPV with 4b gene was 578 bp [23].

The takes test of this study showed similar result with takes 
test was detected at the FPV vaccine applied site (90-100%) 
at day 7th and 10th day post vaccination [24]. The result of this 
study also in line with result reported that live FPV vaccination 
developed (80-95%) small circular lesions on the wing on the 
7th and 10th day post vaccination [25]. All vaccinated chickens 
remained healthy and active as the unvaccinated controls. This 
result is similar to the finding of the safety test of the FPV vac-
cine in which there is no obvious clinical signs were detected 
among all vaccinated chickens post to vaccination [26]. The 
result of this study also agreed with the description given by 
about safety issue of live FPV vaccine in poultry [27].

Immunogenicity test result of these findings was in accor-
dance to previous mean antibody at day 14 post infection of 
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FPV vaccine reports in which it showed a gradual increase of an-
tibody values in all inoculated experimental groups [28]. There 
was significance difference (p <0.0001) of mean of antibody in 
boosted group at day 21 and 28 post inoculation. This result 
was in agreement with the previous findings reported the level 
of antibody produced against the FPV raised after boosting with 
significant variation compared to other groups [29]. 

In the current studies the result of the vaccine efficacy stud-
ies indicated that DF-1 adapted FPV vaccine were protective 
against challenge with virulent field isolate FPV. The chicken 
vaccinated with DF-1 adapted FPV vaccine strain from passage 
5 and passage 7(boosted group) produced 90% and 95% of pro-
tection respectively while commercial NVI CFC based vaccine 
produced 90% of protection against the challenge field isolate 
virus. The control groups responded to challenge virus and 
developed FPV clinical manifestation lesion across the comb, 
wattles and non-feathered part of chickens’ body. The results 
of this study agree with OIE, (2018) who reported that 90% of 
challenged non-vaccinated control birds should show charac-
teristic FPV lesions and at least 90% of vaccinated experimental 
group birds should remain normal without evidence of any FPV 
lesions.

Conclusion

Based on the data presented in this study the developed 
DF-1 cell adapted FPV vaccine was safe and protective as NVI 
commercial chicken fibroblast cells-based vaccine produced us-
ing SPF eggs. The adapted vaccine has good CPE and infectivity 
titer at each passage level. The propagated vaccinal strain on 
the study cell has also the same molecular identity as FPV. The 
DF-1 adapted FPV vaccine was found to be safe as no abnormal 
signs or mortality was observed during safety test throughout 
the monitoring period. The immunogenicity of adapted vaccine 
is similar to commercial vaccine while the boosting of adapted 
vaccine has also good protection at given evaluation period. 
The adapted vaccine strain at passage 5 and 7 showed simi-
lar efficacious as CFC based prepared FPV vaccine against field 
strain FPV. The results obtained, therefore, suggest that DF-1 
adapted FPV vaccine production technique could be good pro-
duction option for producing FPV vaccine for the prevention of 
the disease in poultry.
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